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Summary. Using autoradiographic technique, we have 
studicd DNA synthesis in normal embryonic chick lens 
epitheliuni and after experimental lens rotation. 
Analysis of the autoradiograms clearly demonstrates 
that when the lens priniordium was rotated 180". so that 
lens epithelium was placed facing the interior of the 
optic cup. the lens epithelial cells completely stop DNA 
synthesis. This fact suggests that some retinal and vitieal 
factors are responsible for differentiation and replicative 
capacity of the lens epithelial cells. 
Key w o r d s :  Chick lens epithelium, t3H)  thymidine 
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lntroduction 
The leiis of the eye represents an ideal model for 
analysing the sequence of embryological processes of 
growth differentiation and morphogenesis (Spemann, 
1901 : Mckeehan, 195 1 ; Jacobson, 1958: Rabaey, 1962: 
Papaconstantinou, 1967: Modak et al.. 1968; Zwaan et 
al.,  1969). This model has been studied by different 
technological approaches both in vivo and in vitro under 
normal and experimental conditions. In vitro studies have 
paid inuch attention to those retinal and mesericliynial 
factors which are responsible at a molecular leve1 for the 
induc t ive  in f luences  tha t  a f f ec t  t he  l ens  mi to t i c  
behaviour (McAvoy and Fernon, 1984; McAvoy and 
Chamberlain, 1989) and differentiation (Beebe et al.. 
1980). 
Of the experimental conditions in vivo, lens rotatiori 
represents a suitable experiment for altering the normal 
close spatial relationships of lens cells and which are 
iiiodified under the inductive irifluence of retirial tissues. 
These experiinents hrive shown that tlie primitive lens 
epithelial cells when oriented towards the optic cup 
rapidly start elongation (Coulonibre and Coulornbre, 
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Offprint requests to: Professor Francisco A.  Prada, Departrnent of 
Morpological Science, Faculty of Medicine. University of Seville, 41009 
Seville, Spain 
1963 ;  E g u c h i ,  1967 :  Yan-iamoto. 1 9 7 6 )  and  the  
inacromolecular specific synthesis of crystallin proteins 
(Genis-Gálvez et al., 1968; Genia-Gálver and Castro. 
197 1). However the replicative capiicities of the lens 
epithelial cells in experimental lens rotation have nevei. 
been studied. 
We clearly dernonstrate here that  when the lens 
epithelium is reoriented toward the vitreous and neuial 
retina. the lens epithelial cells conipletely stop DNA 
synthesis, and then elongate and differentiate into lens 
fibres. 
Materials a n d  me thods  
The experinients were performed on twenty White 
Leghorn chicken embryos at 72  hours of iiicubation 
(Fig. 1). The lens prirnordium was rotated 90" os 180" 
so that the lens epitheliurn was placed facing partially 
or totally the interior of the opt ic  cup under direct  
iniluence of the retina. Six hours after lens inversion, 
the einbryos were injected with 0.02 ml ( 3 ~ )  thymidine. 
ln four control animals, the thymidine was injected at 
78 hours of iricubation. Furthermore the lens priniordium 
of another  four  control  embryos  was  rotated 360". 
to show that the effect of the experimental procedure 
does  not have any inf luence  o n  the  incorpura t ion 
of tritiated thymidine.  The  thyinidine was supplied 
by the Radiocheinical Centre.  Amersharii, England 
and has a specific activity of 1000 pCi/rnl; thus each 
ernbryo received 20 pCi. The  embryo was killed 24 
hours after lens rotation: fixed with Carnoy's fixative 
and embedded  i r i  paraplas t .  Mater ia l  \vas ser ia l ly  
sectioned at 5 prn in a plane perpendicular to the surface 
of  the  ep i the l ium and  rnouted ori s l ides  wi th  e g g  
albumin.  Deparaffinized sections were stained with 
haeniatoxylin-eosin and dried in an incubator at 37 "C. 
The  sect ions  were theri covered with an  1.lford K? 
emulsion and stored at 4 "C for 20 to 30 days in light- 
tirht boxes containing silica gel as a drying rigent. After 
storage the films were developed in Kodiik D- 19. and tlie 
sections dehydrated,  cleared in cedar wood oil and 
mounted on DPX. 
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Results 
We have studied the autoradiograms in twenty 
experimental and eight control embryos. Analysis of the 
autoradiograms clearly demonstrates that after lens 
rotation. the number of DNA-synthesizing lens epithelial 
and annular pad cells decreases dramaticall y (Fig. 2). 
Only about 2% of al1 lens population cells have nuclei 
labelled with thymidine 34 hours after lens reveried 
position (Fig.  2b).  The percent of nuclei labelled in 
normal conditions in 23.1 1 % of al1 lens pcipulation cella 
(Fig. 2a). The fibre cells, transferred by rotation to an 
anterior location. also show complete absence of initosis 
and Iabelled nuclei (Fig. 2b). The resulta are sun~marized 
in Table 1 and Fig. 4. 
Discussion 
As was reported previously (Genis-Gálvez. 197 1 ), 
our experimental material showed that when the lens 
Fig. 1. Experimental 
procedure of lens rotation in 
chick ernbryo at 72 hours of 
incubation. a. Normal 
position of the lens (L) and 
lens epitheliurn (LE) with 
respect to the vitreous (V) 
and neural retina (NR) 
tissues. The arrow shows 
the direction of rotation. 
b. As a result of 180Vens 
rotation the lens epitheliurn 
(LE points) IS now facing the 
vitreous (V) and neural 
retina (NR). 
Fig. 2. Autoradiographs of 
control and experimental 
chick ernbryo lens at 96 
hours of incubation. a. The 
control autoradiograrn 
shows nurnerous labelled 
nuclei dispersed in each 
region of epitheliurn (central 
epitheliurn. C, peripheral 
epithelium, P) and annular 
pad (A.P). b. The 
experimental autoradiogram 
shows only two labelled 
nuclei within central and 
peripheral epithelium 
(arrows) and four labelled 
nuclei on the annular pad 
(arrowheads). 
Fig. 3. Autoradiograph of 
chick ernbryo lens at 96 
hours of incubation whose 
lens prirnordium was rotated 
90%t 72 hours. Only the 
sector of epitheliurn which is 
outside the inductive 
influence of the neural retina 
has nurnerous labelled 
nuclei. In this case the 
vitreous shows a 
haemorrhage provoked 
during rotation of the lens 
(HV). 
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Table 1 .  Distribution of DNA-synthesizing and total cell populations in 
central and peripheral, annular pad and the entire lens of normal and 
experimental chick ernbryos of 4 days of age. 
TOTAL LABELLED % 
Central and peripheral epithelium 
Normal 6329 21 60 34.12 
Experimental 5112 128 2.50 
Annular pad 
Normal 
Experimental 
Entire lens 
Normal 21 540 4980 23.1 1 
Ex~erirnental 17952 369 2.05 
epithelium was reoriented toward the neural retina. the 
lens epithelial cells  rapidly started to elongate and 
differentiate into lens fibres. 
Our results agree with those reported in vivo (Hanna 
and Keatts, 1966; Modak et al.. 1968; Persons and 
Modak, 1970; Zwaan and Pearce, 1971) and in tissue 
culture (Philpott, 1970; Piatigorsky and Rothschild, 
1972) suggesting an inverse relationship betweeen lens 
cell elongation and mitosis. We believe that, although 
l ens  ep i the l i a l  c e l l s  r e t a in  the i r  in i t ia l  g e n e t i c  
in fo rmat ion ,  the express ion  of  bo th  p rocesses  of  
differentiation and replicative capacity are strongly 
dependent on the spatial position of cells with respect to 
retinal and vitreal tissues. In the last ten years, basic 
fibroblastic growth factor (Richardson and McAvoy, 
1990)  and other retinal and vitreal fac tors  such as  
lentropin (Beebe et al.. 1987), have been proposed as 
being responsible for differentiative synthesis of specific 
crystallins and also for lens epithelial cell morphogenetic 
e longat ion.  These  fac tors  cou ld  a lso  be indirectly 
responsible for the arrest of mitotic activity. Thus, when 
the lens primordiurn was rotated 90°, only the sector of 
the lens which was closer to the neural retina lost the 
capacity of DNA synthesis (Fig. 3). 
These data shed light on sortie mechanisms which 
i n i ~ h t  r e~u la t e  cellular proliferation in relation with the 
Fig. 4. Percentage of DNA-synthesizing cell populations in central and 
peripheral (C.P.) epitheliurn, annular pad and the entire lens. 
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